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Outline 
•  What is NOAA’s operational Climate Data 

Record (CDR) Program at NCDC 

•  Evolution in program output and motivations 

•  Focus on use-inspired products and services 

•  Update on recent progress and sustainment of 
operational CDRs 

1/8/2015	   AMS	  2015	  
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CDR Program Responding to Rising Demand for 
Climate Information 

Changes	  in	  Extremes	  of	  
Weather	  and	  Climate	  

Health	  

Sustainability	  of	  Marine	  	  
Ecosystems	  

Agriculture	  

Coasts	  and	  Climate	  Resilience	   Climate	  Impacts	  on	  	  
Water	  Resources	  

Energy	   Transporta.on	  
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Enabling Assessments of the Earth’s Climate: 
International, National, Annual Assessments 

Interna.onal	  
Assessments	  

•  3	  NCDC	  lead	  authors	  and	  review	  
editors	  on	  Fourth	  Assessment	  
Report	  

•  2	  NCDC	  lead	  authors	  on	  FiNh	  
Assessment	  Report	  

•  2	  NCDC	  lead	  authors	  on	  Special	  
Report	  on	  Extremes	  

Na.onal	  
Assessments	  

•  NCDC	  provides	  leadership	  for	  all	  
Na.onal	  Climate	  Assessments	  

•  NCDC	  hosts	  Na.onal	  
Assessment’s	  Technical	  	  
Support	  Unit	  

Annual	  
Assessments	  

•  NCDC	  coordinates	  378	  authors	  
from	  48	  countries	  

•  Covered	  by	  all	  major	  news	  
networks,	  briefed	  to	  Hill	  staff	  

1/8/2015	   AMS	  2015	  



5	  

What Are CDRs? 
•  “A	  Climate	  Data	  Record	  (CDR)	  is	  a	  .me	  series	  of	  measurements	  of	  

sufficient	  length,	  consistency,	  and	  con.nuity	  to	  determine	  climate	  
variability	  and	  change”	  (US	  Na.onal	  Academy	  of	  Sciences,	  2004)	  

•  Relaxed	  defini.on:	  “…sufficient…to	  have	  societal	  value”?	  

•  Fundamental	  CDR	  (FCDR):	  Calibrated	  observa.ons	  for	  a	  family	  of	  sensors	  
together	  with	  the	  ancillary	  data	  used	  to	  calibrate	  them	  (e.g.,	  Brightness	  
Temperatures)	  

•  Thema6c	  CDR	  (TCDR):	  	  Geophysical	  variables	  derived	  from	  FCDRs;	  	  may	  be	  
generated	  by	  blending	  satellite	  observa.ons,	  in-‐situ	  data,	  and	  model	  output	  
(e.g.,	  Sea	  Surface	  Temperature)	  

1/8/2015	   AMS	  2015	  
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Why Are NOAA CDRs Important?  

•  NOAA’s	  satellite	  CDRs	  comprise	  its	  longest	  record	  of	  
global	  opera.onal	  satellite	  measurements.	  By	  applying	  
knowledge	  gathered	  over	  .me	  about	  instruments’	  
performance	  and	  sensor	  characteris.cs,	  the	  data	  are	  
reprocessed	  to	  create	  consistent	  and	  homogenized	  long-‐
term	  records.	  

•  NOAA	  CDRs	  are	  sustained	  in	  an	  opera.onal	  
environment,	  which	  is	  cri.cal	  for	  suppor.ng	  decision-‐
making	  in	  a	  changing	  climate,	  and	  thus	  for	  the	  world’s	  
resilience	  to	  climate	  changes	  and	  variability.	  

	  
1/8/2015	   AMS	  2015	  
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NOAA CDRP is Well-Grounded in Science and 
External Expert Guidance 

•  Na.onal	  Research	  Council	  (NRC)	  of	  
US	  Na.onal	  Academy	  of	  Sciences	  
(NAS)	  (2004,	  2008)	  

•  Global	  Change	  Research	  Program	  
(CCSP,	  2006)	  

•  	  WMO/Global	  Climate	  Observing	  
System	  (GCOS,2003)	  

•  US	  EOP/Office	  of	  Science	  and	  
Technology	  (OSTP),	  NOAA/NESDIS	  
guidance	  
1/8/2015	   AMS	  2015	  
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NOAA CDR Program Evolution 
1. NOAA’s	  CDR	  Program	  began	  in	  2009	  at	  the	  Na.onal	  
Clima.c	  Data	  Center	  (NCDC)	  

– Selec.ons	  based	  on	  best	  science,	  most	  mature	  algorithms.	  
– Focused	  on	  Essen6al	  Climate	  Variables	  (ECVs),	  with	  ini.al	  
priority	  on	  FCDRs	  	  from	  legacy	  opera.onal	  sensors	  and	  
cri.cal	  TCDRs	  iden.fied	  by	  interna.onal	  and	  na.onal	  
experts.	  

– Compe..ve	  grants	  were	  awarded	  to	  capture	  leading	  
knowledge	  from	  the	  research	  community.	  

– Annual	  progress	  mee.ngs	  ensured	  NASA,	  USGS,	  and	  
interna.onal	  (EUMETSAT)	  coordina.on	  for	  their	  related	  
efforts.	  	  

	  
1/8/2015	   AMS	  2015	  
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NOAA CDR Program Evolution 
	  

2.  CDR	  Program	  pivoted	  in	  2012	  towards	  “Use-‐Inspired”	  CDRs	  per	  
NOAA/NCDC	  guidance	  

–  Selec.ons	  based	  on	  best	  use,	  widest	  applica.ons	  for	  societal	  benefits	  
•  Grants	  program	  concluded.	  

–  Focused	  on	  engagement	  with	  industry	  and	  public	  to	  iden.fy	  their	  
needs	  and	  priori.ze	  the	  CDRs	  capable	  of	  mee.ng	  those	  needs.	  

–  Refined	  processes,	  policies,	  and	  procedures	  for	  transi.on	  from	  
research	  to	  opera.ons,	  and	  for	  long-‐term	  informa.on	  preserva.on.	  

–  Improved	  cost	  es.mates	  for	  research-‐to-‐opera.ons	  (R2O)	  transi.on	  of	  
CDRs.	  

–  Some	  product	  sustainment	  and	  R2O	  ac.vi.es	  are	  contracted	  out,	  with	  
project,	  configura.on	  and	  risk	  management	  prac.ces	  being	  applied.	  

1/8/2015	   AMS	  2015	  
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NOAA CDRP Evolution – 3rd Phase 

3.	  	  	  CDRP	  now	  (2014+)	  focusing	  on	  implementa.on	  of	  CDRs	  in	  
prac.cal	  informa.on	  products	  

‒  Incorpora.ng	  in	  situ	  and	  blended	  products	  into	  the	  CDR	  Program	  
to	  secure	  those	  products	  for	  the	  future	  as	  well	  as	  the	  satellite	  data	  
CDRs.	  

‒  Jump-‐star.ng	  development	  of	  applica6ons	  and	  Climate	  
Informa6on	  Products	  (CIRs)	  that	  target	  users’	  needs	  and	  
requirements,	  and	  applying	  stewardship	  processes	  to	  these	  
applica.ons	  and	  CIRs.	  

‒  Support	  of	  “Interim”	  or	  ICDRs	  &	  CIRs	  that	  project	  the	  best	  known	  
algorithms	  to	  near-‐real.me	  data	  flows	  and	  products.	  

‒  Bringing	  highly-‐valued	  but	  lower-‐maturity	  products	  to	  a	  more	  
mature	  state.	  	  E.g.	  NEXRAD	  Reprocessing	  for	  hi-‐res	  precip	  CDRs.	  

1/8/2015	   AMS	  2015	  
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Minutes	   Days	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Weeks	   Years	  

Opera.onal	  Weather	  
	  
(Quick,	  Robust,	  Data	  as-‐
available,	  Algorithm	  as-‐is,	  
Sensor-‐unique)	  
	  

ICDRs	  	  -‐-‐	  Decision	  Support	  	  
	  
	  (Rou.ne,	  Complete,	  Timely,	  	  Climate	  
processing,	  Consistent	  in	  .me/space/
resolu.on	  over	  period-‐of-‐record)	  

CDRs	  -‐-‐	  Research	  
Support	  
	  
(Epoch	  reprocessing	  of	  
complete	  period	  of	  
record,	  Complete,	  State-‐
of-‐the-‐art)	  	  

Decades	  

Time	  past	  observa.on	  (logarithmic	  scale)	  

CDRs Supporting Decision Support Applications 
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Decision-makers Increasingly  
Need Most Salient Points 

•  Aspects of Climate 
Monitoring (e.g. T) 
–  Average values (13.3°C) 
–  Measures of difference 

(+1.8°C above normal) 
–  Measures of unusualness 

(much above average = top 
10%) 

–  Measures of trend (increasing 
at 0.5°C per century) 

–  Measures of impact (34% of 
corn reported in poor 
condition) 

Can	  NOAA’s	  opera.onal	  CDRs/ICDRs	  meet	  the	  	  
sustained	  demands	  of:	  

•  Decision	  makers	  in	  industry	  
•  Public	  sector	  managers	  
•  Researchers	  in	  Earth	  Sciences	  

Yes,	  by	  way	  of	  a	  consistent,	  methodical	  approach.	  
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Climate information platform 
•  Climate information platforms are emerging through 

partnerships between industry and government. 

•  CDRP responsibility encompasses the preservation and 
stewardship of all the algorithms, code, apps involved in 
a data set – and needed by information platforms. 

•  While NOAA’s CDRP waits for the infrastructure to be 
available from/with industry partners, it is focusing on: 
–  Making the CDR data ready/portable 
–  Describing the data well (documentation, metadata) 
–  Preserving and describing the algorithms, workflows, and 

ancillary data (transparency) 
–  Identifying and supporting uses (user requirements) 

1/8/2015	   AMS	  2015	  
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Sample of NOAA CDR Products 
24 CDRs in Ops. as of 2014       http://www.ncdc.noaa.gov/cdr 

Sample	  of	  Opera6onal	  CDRs	  
FCDR	   Atmosphere	   Ocean	   Land	  

•  AVHRR	  TOA	  
Reflectance	  

•  MW	  Mean	  Layer	  
Temperature	  

•  SST	  (OISST	  &	  
Pathfinder)	  

•  Surface	  Reflectance	  (AVHRR)	  

•  HIRS	  Brightness	  
Temperature	  (BT)	  

•  Precipita6on	  
(PERSIANN)	  

•  Sea	  Ice	  
Concentra6on	  

•  Northern	  Hemisphere	  Snow	  Cover	  
Extent	  

•  SSMI(S)	  BT	   •  Cloud	  (PATMOS-‐x)	   	  	   •  	  NDVI	  (AVHRR)	  

•  VIIRS	  RCDR	   •  OLR	  (HIRS	  &	  GridSat)	   	  	   •  	  LAI/FAPAR	  (AVHRR)	  
	  

•  MSU/AMSU	  BT	   •  Aerosol	  Op6cal	  
Thickness	  (AVHRR)	  

	  	   	  	  

•  GOES	  BT	  (GridSat)	   	  	   	  	   	  	  

Research-‐to-‐Opera6on	  CDRs	  (work-‐in-‐progress)	  
FCDR	   Atmosphere	   Ocean	   Land	  

•  Solar	  Irradiance	   •  Earth	  Radia6on	  Budget	  (ISCCP-‐
ERB)	  

•  Surface	  
Fluxes	  

•  Geo-‐Surface	  Reflectance	  

	  	   •  Precipita6on	  (GPCP	  &	  CMORPH,	  
NEXRAD)	  

•  Sea	  Level	  
Height	  

Snow	  Concentra6on	  
	  

	  	   •  Cloud	  (ISCCP	  &	  CERES)	   	  	   	  	  

	  	   •  Ozone	   	  	   	  	  1/8/2015	   AMS	  2015	  
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CIR Provides Commercial Benefit 
(MVP Index Application)  

(Courtesy	  of	  Dr.	  Carl	  Shreck)	  
1/8/2015	   AMS	  2015	  
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CDRs Supporting Farming and Agribusiness 
 
 
Example:	  historical	  context	  
 
•  5	  km	  resolu.on,	  

“wall-‐to-‐wall”	  (globally)	  

•  Historical	  record	  from	  1981-‐	  
to	  current	  

•  Collateral	  products	  
‒  Surface	  Reflectance	  
‒  Leaf	  Area	  Index	  (LAI)	  
‒  FPAR	  (photosynthe.cally	  	  

ac.ve	  radia.on)	  

Primary	  U.S.	  corn	  
and	  soybean	  region	  

2012	  drought	  depicted	  by	  Vegeta.on	  Index	  CDR	  (July	  17)	  

1/8/2015	   AMS	  2015	  
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•  Publish CDRs as Linked Data to promote wider discovery and use. 
•  Integrate traceability and integrity mechanisms into the original 

data and algorithms available from the Government Archive (e.g., IT 
security practices). 

•  Enable or encourage interoperability of CDRs with other data types 
(e.g., health, business, agriculture) and multiple CDRs applied to 
targeted societal issues (e.g. SSMI and OLR CDRs for Atmospheric 
River probability studies for Western States precip applications). 

•  Extend the operational CDRs, which were produced using legacy 
NOAA operational satellite observations, seamlessly using new 
NOAA satellite observations from Suomi-NPP and the JPSS and 
GOES-R series. 

•  Transfer the capabilities of CDR development, production, 
preservation, and dissemination to an emerging cloud-based 
climate information platform. 

Some Future Challenges 

1/8/2015	   AMS	  2015	  
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•  The NOAA CDR Program is well-grounded in science, is reaching out 
to address users’ needs, and continues to improve open & transparent 
stewardship practices for satellite data, non-satellite data and blended 
products. 

–  Includes CIRs, and interim CDR products. 

•  The NOAA CDR Program at NCDC is now sustaining 24 satellite data 
CDRs in operations, and is preparing CDR data, algorithms, workflows, 
and documentation for future deployment to a climate information 
platform. 

–  CDRs include not just the data, but the algorithms, workflows, and documentation as well. 

–  With the emerging climate information platform and services from U.S. industry, the Government’s 
role in Data Stewardship will be more important than ever. 

Summary 

hsp://www.ncdc.noaa.gov/cdr	  
1/8/2015	   AMS	  2015	  
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Thank you! 

Questions? 

1/8/2015	   AMS	  2015	  
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Backup Sides 
 

1/8/2015	   AMS	  2015	  
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Satellite & In Situ  
Observations 

NOAA CDRs Sustain Climate Information 

Satellite data 

Environmental 
Data Records 

Long-term Information 
Preservation 

Fundamental 
Climate Data 

Records 

Interim 
 Climate Data  

Records 

Thematic 
Climate Data 

Records 

Climate Data Records 

Climate  
Information 

Records 

Short scale  
physical phenomena 

monitoring 

Operational Climate  
Monitoring supporting 

Climate Services 

Longer term climate variability 
& climate change analysis 

Adaptation  
+ mitigation planning 

(decision making) 

Sustained 
Applications 

Climate Model- 
based 

Reanalysis 

Near Real Time 

Re-‐calibraDon	  
Inter-‐calibraDon	  
Reprocessing	  
	  

Observing	  system	  	  
performance	  
Monitoring	  	  
and	  automated	  	  
correcDons	  
	  
	  

Data	  conversion	  	  
	  
	  
User	  Services	  
	  

Archives 

1/8/2015	   AMS	  2015	  
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Project	  Goals	  
•  USDA	  and	  NASA	  are	  developing	  a	  	  
capability	  to	  assess	  forest	  health	  using	  a	  
satellite-‐derived	  Vegeta.on	  Index	  

Partners	  
•  	  USDA	  Southern	  Research	  Sta.on,	  NASA	  and	  NOAA	  

CDRs Supporting Resource Management 
Example:  Forest Change Detection 

Output	  and	  Impact	  
•  CDR	  	  Program	  	  produces	  a	  30	  year	  .mes	  series	  of	  
Vegeta.on	  Index	  suitable	  for	  iden.fying	  forest	  
health	  trends,	  leading	  to	  beser	  forest	  and	  
resource	  management.	  

Opportunity	  
•  The	  CDR	  Program	  will	  leverage	  NASA	  
and	  USDA	  research	  and	  transi.on	  to	  
opera.ons.	  

Gypsy	  moth	  larvae	   Pine	  Beetles	  

Expanding	  ranges	  of	  
forest	  scavengers	  linked	  
to	  climate	  trends	  

1/8/2015	   AMS	  2015	  
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Three Phase Process of NOAA CDRs 

1.	  ID	  
•  Ini6al	  Development	  (ID):	  Through	  grant	  and	  contract,	  PIs	  develop	  
algorithm,	  source	  code,	  dataset,	  metadata,	  and	  documenta.on	  

•  PI	  brings	  the	  product	  to	  at	  least	  Maturity	  Level-‐4	  

2.	  IOC	  

•  Ini6al	  Opera6onal	  Capability	  (IOC):	  The	  dataset,	  metadata,	  source	  
code	  and	  documenta.on	  are	  quality	  checked,	  archived	  and	  made	  
openly	  and	  transparently	  available	  for	  public	  access.	  	  	  

•  Original	  PI	  provides	  opera.onal	  support	  and	  maintenance/updates	  

3.	  FOC	  

•  Full	  Opera6onal	  Capability	  (FOC):	  CDR	  is	  systema.cally	  and	  
rou.nely	  generated	  by	  NOAA	  using	  codes	  and	  systems	  that	  
conform	  to	  the	  NOAA	  CDR	  Program’s	  	  IT	  security,	  coding	  and	  
documenta.on	  standards	  

•  CDR	  opera.onal	  support	  and	  maintenance/updates	  can	  be	  
accomplished	  independent	  of	  the	  original	  PI	  [Maturity	  Level-‐6]	  

1/8/2015	   AMS	  2015	  
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Opera6onal	  weather	  products	  
are	  produced	  rapidly	  to	  
poten.ally	  save	  life	  and	  
property	  

Climate	  Data	  Records	  (CDRs)	  
describe	  climate	  through	  
rigorous	  cross-‐calibra.on	  
and	  reprocessing	  with	  
advanced	  algorithms,	  
ancillary	  data	  and	  evolved	  
instrument	  understanding.	  

	  

Why Recommend NOAA CDRs to Users? 
(High	  Quality	  Data:	  	  Inter-‐calibra.on	  and	  Homogeniza.on	  Reduce	  Ar.facts	  Imparted	  by	  Observing	  Systems,	  

	   	   	  	  	  	  	  	  	  	  Facilita.ng	  Meaningful	  Comparisons	  in	  Space	  and	  Time)	  

1/8/2015	   AMS	  2015	  
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“Maturity Matrix” Defines CDR Product Readiness 

Bates	  and	  Privese,	  2012	  
1/8/2015	   AMS	  2015	  
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6-Level Maturity Model of NOAA CDRs 
6	  –	  Benchmark	  CDR	  

5	  –	  Sustained	  CDR	  

4	  –	  Validated	  CDR	  

3	  –	  Provisional	  CDR	  

2	  –	  Experimental	  CDR	  

1	  -‐	  Ini6al	  CDR	  

O
pe

ra
6o

ns
	  

Re
se
ar
ch
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Peng,	  Prive:e,	  Kearns,	  Ritchey,	  and	  Ansari	  (2014,	  Submi:ed)	  
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Proposed Maturity Levels Follow the CMMI Structure 

Level	  1	  
Ad	  Hoc	  

Not	  Managed	  

Level	  2	  
Minimal	  

Limit	  Managed	  

Level	  3	  
Intermediate/Managed	  

Community	  Good	  Prac.ces	  

Level	  4	  
Advanced/Well	  Managed	  
Community	  Best	  Prac.ces	  

Level	  5	  
Op.mal/Well	  Managed	  

Measured,	  Controlled,	  Audit	  

Reference	  Maturity	  Level	  Structure	  
•  Capability	  Maturity	  Model	  Integra.on	  (CMMI)	  
•  Levels	  of	  Maturity	  of	  Digital	  Repositories	  
•  Climate	  Data	  Record	  Maturity	  Matrix	  (CDRMM)	  

1/8/2015	   AMS	  2015	  



30	  
1/8/2015	   AMS	  2015	  



31	  

Operational CDRs Will Cover Three Major NOAA 
Satellite Epochs 

1970	   1980	   1990	   2000	   2012	   2020	   2030	  

POES/GOES/DMSP	   NPP	   JPSS/JASON-‐3/GOES-‐R	  

Reveal	  latent	  climate	  trend	  informa.on	  
	  in	  four	  decades	  of	  heritage	  opera.onal	  data	  

Extend	  CDRs	  
using	  future	  
sensors	  

	  	  
	  

Ensure	  climate	  quality	  data	  from	  new	  opera.onal	  	  
system	  and	  extend	  CDRs	  period	  of	  record	  
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Raw Observations Fundamental CDRs 
(Calibrate Data) 

Thematic CDRs 
(Geophysical Data) 

Climate Information 
(Derived Goods & 

Services) 

Merged	  and	  corrected	  
NOAA	  &	  NASA	  	  

data	  provide	  trustworthy	  
mul.-‐decadal	  
.me	  series	  

NOAA	  &	  NASA	  
raw	  satellite	  data	  

Standards	  of	  the	  
renewable	  

energy	  community	  
applied	  

Si.ng	  informa.on	  for	  
major	  solar	  energy	  

farms	  

Example:	  	  Solar	  Farm	  loca.on	  si.ng	  
	  
	  

CDRs Supporting Energy Sector 

NREL=	  Na.onal	  Renewable	  Energy	  Laboratory	  

A	  collabora.on	  between	  NOAA,	  NASA,	  Academia,	  the	  Private	  Sector	  and	  NREL	  
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CDRs Supporting Insurance/Reinsurance 
Example:  Hurricane Trends 

Government	  
provision	  
of	  data	  

Hurricane	  intensity	  trends	  
(Kossin	  et	  al.	  2007)	  
 
 

Transi.on	  from	  
government	  to	  

industry	  	  

Decision	  support	  
informa.on	  
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The	  Reference	  Model	  for	  an	  Open	  Archival	  Informa6on	  System	  
(OAIS)	  

The	  OAIS	  Reference	  Model	  aeempts	  to	  comprehensively	  iden6fy	  the	  responsibili6es	  
and	  components	  of	  an	  archival	  system,	  including:	  
Ø 	  the	  roles	  of	  people	  and	  ins6tu6ons	  that	  interact	  in	  an	  archive:	  Producer,	  Management,	  and	  Consumer	  	  
Ø 	  the	  digital	  objects:	  informa6on	  package	  

Ø 	  the	  major	  func6ons:	  six	  higher-‐level	  func6ons	  –	  Ingest,	  Data	  Management,	  Archival	  Storage,	  Access,	  
Preserva6on	  Management,	  and	  Administra6on,	  represen6ng	  thirty-‐three	  lower-‐level	  func6ons	  

hsp://www.dpworkshop.org/dpm-‐eng/founda.on/oais/index.html	  

Source:	  OAIS	  Overview	  22Arp2008.ppt	  	  
hep://wiki.esipfed.org/index.php/	  

NOAA_Sessions_on_NIDIS,_CLASS,_the_Data_Centers,_and_much_much_more!	  	   Source:	  www.dlib.org	  
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